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OPTICAL INFORMATION RECORDING MEDIUM AND OPTICAL 
RECORDING METHOD 

The present invention relates to an optical 
information recording medium of recordable/erasable type 
utilizing a difference in reflectivity or a phase 
difference of reflected light resulting from a phase- 
change of the recording layer by irradiation of a laser 
beam. 

Optical disks are classified into a read only memory 
(ROM) type and a recordable type (including a rewritable 
type). The read only memory type has already practically 
been used as a video disk, an audio disk or a disk memory 
for a large capacity computer. 

Typical recordable type disks include disks of pit- 
forming/deformation type, organic dye type, magneto- 
optical type and phase-change type. For the pit- 
forming/deformation type, a recording layer made of e.g. 



20 irradiation with a laser beam to form pits or 
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irregularities. 

For the organic dye type , a recording layer made of a 
dye or a polymer containing a dye, is employed, so that 
the reflectivity (or the refractive index) changes 
between before and after the recording. This type is 
practically employed as an optical recording medium for 
recording CD format signals. 

The magneto-optical type is designed to carry out 
recording or erasing by the direction of magnetization of 
the recording layer and to carry out retrieving by an 
magneto-optical effect . 

On the other hand, the phase-change type is the one 
which utilizes a phenomenon that the reflectivity or the 
phase of reflected light changes between before and after 
the phase change, whereby retrieving is carried out by 
detecting the difference in the quantity of reflected 
light without requiring an external magnetic field. As 
compared with the magneto-optical type, the phase-change 
type requires no magnet, and the optical system is 
simple, whereby preparation of a driving system is easy, 
and such a phase-change type is advantageous also for 
downsizing and reduction of costs. Further, it has 
advantages such that recording and erasing can be carried 
out simply by modulating the power of a laser beam, and a 

simultaneously by a single beam. 
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It is common to employ a thin film of a chalcogen 
type alloy as the material for the recording layer for 
such a phase-change recording system. For example, it 
has been attempted to use a thin film of an alloy of Ge- 
Te type, Ge-Sb-Te type, In-Sb-Te type, Ge-Sn-Te type or 
Ag-In-Sb-Te type. 

In the one-beam overwriting phase-change recording, 
it is common to form recording bits by changing a 
recording layer in a crystalline state to an amorpnous 
state and to carry out erasing by crystallizing the 
amorphous phase . 

However, the recording layer is usually amorphous 
immediately after its formation. Accordingly, the entire 
recording layer is crystallized in a short period of 
15 time. This step is called initial crystallization or 
initialization. It is common to carry out the 
initialization by irradiating a rotating medium with a 
laser beam focused to have a diameter of from a few tens 
to a few hundreds \xm . 

With respect to the above-mentioned Ge-Sb-Te type 
ternary alloy, only a composition close to a GeTe-Sb 2 Te 3 
pseudo-binary alloy has heretofore attracted an attention 
and has been practically developed, and a composition 
^V-^p to a Te Q ,Ge^ eutectic composition or a Sb 70 Te 30 



20 



opposition has been considered to be unsuitable as a 
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recording layer for an overwritable optical recording 
medium, since it undergoes phase separation at the time 
of crystallization, and it has been impossible to 
crystallize it by heating for a short period of time of 
5 less than 100 nsec, although its amorphous-forming 
ability is high. 

For example, even with a Ge-Sb-Te type ternary alloy, 
no practically crystallization speed has been obtained 
with a composition close to the Te 85 Ge 15 eutectic 

]_o composition . 

On the other hand, in the vicinity of the Sb 70 Te 30 
eutectic composition, a binary alloy of Sb u Te x _ u 
(0.58<u<075) is known to be useful for repeated recording 
and erasing as between the crystalline and amorphous 

15 states, although this is an extremely primitive method 

wherein only a change in reflectance was monitored (U.S. 
Patent 5,015,548). Further, a study has been made on a 
compositional range having a third element, particularly 
Ge, added to Sb 70 Te 30 . 

20 However, these methods have a problem that the 

productivity is low, since the initialization operation 
is difficult. Accordingly, there has been no practical 
progress since then with respect to a composition close 
^ ~ ^v,^ c;b^.Te 7 . eutectic composition. 

intermetallic composition or its pseudo binary alloy 
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exhibits practical properties. 

Irrespective of such a conventional belief, the 
present inventors have re-examined the 

crystallization/amorphous conversion properties of the 
medium having a composition in the vicinity of the 
eutectic composition, and as a result, have found that 
such a medium exhibits characteristics superior to a 
medium having a composition in the vicinity of the 
composition of the above-mentioned intermetallic 
compound, when the composition, the layer construction, 
the recording method, etc- are properly combined. 

Namely, the present inventors have conducted a study 
from the viewpoint of the applicability to mark length 
recording using an optical disk evaluation machine 
suitable for high density recording. 

As a result, it has been found that a recording layer 
comprising, as the main component, a SbTe alloy in the 
vicinity of the Sb 7Q Te 30 eutectic composition has a 
difficulty only in the initial crystallization, and once 
it has been initially crystallized, subsequent recording 
and erasing can be carried out at an extremely high 
speed . 

Further, it has been found that a GeSbTe ternary 
— and an InSbTe ternary alloy having Ge or In added 

l : ._. l t_- : _ - c ~ . 

Especially in a combination with a certain specific 
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recording pulse pattern, it has a merit such that 
deterioration during repetitive overwriting is less than 
the material in the vicinity of a BeTe-Sb 2 Te 3 pseudo- 
binary alloy or a material in the vicinity of an InGeTe- 
Sb 2 Te 2 pseudo-binary alloy, which is widely used for 
repetitive overwriting . 

It has been also found that these ternary alloys 
based on Sb 7Q Te 30 have higher crystallization 
temperatures than the Sb 70 Te 30 binary eutectic alloy and 
thus are excellent in archival stability. 

However, these ternary alloys based on Sb 70 Te 30 had a 
problem that initialization was more difficult than the 
Sb 70 Te 30 binary eutectic alloy. 

Further, the GeSbTe ternary alloy in the vicinity of 
the above SbTe eutectic composition had a problem that 
the recording pulse pattern dependency and the linear 
velocity dependency were large, and when an usual two 
level modulation pulse pattern was employed, normal 
overwriting was possible only within a narrow linear 
velocity range . 

Namely, at a low linear velocity such as 2.8 m/s , 
recrystallization was so remarkable that formation of 
amorphous marks tended to be impaired. On the other 
^ R hiah linear velocity, the crystallization 

only within a limited linear velocity range of 2.8 
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m/s±50%. 

It is an object of the present invention t<5 solved 
such problems involved in using a material having a 
composition in the vicinity of such a eutectic 
composition and to make the application of such a 
material to a high density optical recording medium 
poss ible . 

in a first aspect, the present invention provides: 
An optical information recording medium having a 
multilayer structure comprising at least a lower 
protective layer, a phase-change type optical recording 
layer, an upper protective layer and a reflective layer, 
on a substrate, wherein the phase-change type optical 
recording layer has a composition of Zn^In^Sb^e^ , 
where 0.01< Y 1<0.1, 0 . 0 3<6l<0 . 08 , 0 . 5<S1<0 . 7 , 0 . 25<col<0 . 4 , 
and Y l+8l+a-KDl=l, whereby overwrite recording is carried 
out by modulation of light intensity of at least strong 
and weak two levels, so that a crystalline state is an 
unrecorded state, and an amorphous state is a recorded 
state; and 

An optical information recording medium having a 
multilayer structure comprising at least a lower 
protective layer, a phase-change type optical recording 

; i.aver and a reflective layer, 



.. a b a 



recording .aye: 
where Ma is at lest one member selected from Sn, Ge , Si 
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and Pb, 0.01<y2<0.1, 0 . 001<82<0 . 1 , 0.01<e2<0.1, 
0*5<^2<0.7, 0 • 25<co2<0 . 4 , 0 . 03<62+e2<0 . 15 , and 
y2+82+e2+^2+CD2=l , whereby overwrite recording is carried 
out by modulation of light intensity of at least strong 
5 and weak two levels, so that a crystalline state is an 
unrecorded state, and an amorphous state is a recorded 
state . 

In a second aspect, the present invention provides: 
An optical information recording medium having a 

10 multilayer structure comprising at least a lower 

protective layer, a phase-change type optical recording 
layer, an upper protective layer and a reflective layer, 
on a substrate, for overwrite recording by modulation of 
light intensity of at least two levels , so that a 

15 crystalline state is an unrecorded state, and an 

amorphous state is a recorded state, wherein the phase- 
change type optical recording layer has a composition of 
Mb 2 Ge y (Sb x Te 1 _ x ) 1 _ y _ 2 , where Mb is at least one member 
selected from Ag and Zn, 0.60<x<0.85, 0.01<y<0.20, and 

20 0.01<z<0.15; and 

An optical recording method, which comprises carrying 
out mark length modulation recording and erasing on such 
an optical information recording medium by modulating a 
-<aser newer among at least 3 power levels, wherein to 

to fcrm mark portions having a length nT where T is a 
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clock period and n is an integer of at least 2 , writing 
power Pw and bias power Pb are applied in such a manner 
that when the time for applying writing power Pw is 
represented by c^T, a 2 T, a m T, and the time for 

5 applying bias power Pb is represented by P X T, P 2 T, 
Pm T ' the laser application period is divided into m 
pulses in a sequence of c^T, P x T f a 2 T , P 2 T, • a m T, P m T, 

to satisfy the following formulae : 
when 2<i<m-l , a^Pi ; 
10 m=n-k, where k is an integer of 0<k<2 , provided that 

n • -k>l, where n • „ is the minimum value of n; and 

ll niin « ' m\n 

ai +P x + . .. + ct m +P m = n-j, where j is a real number of 
0< j<2 ; 

and under such conditions that Pw>Pe , and 0<Pb<0.5Pe, 
15 provided that when i=m, 0<Pb<Pe . 

In a third aspect, the present invention provides: 
An optical information recording medium having a 
multilayer structure comprising at least a lower 
protective layer, a phase-change type optical recording 
20 layer, an upper protective layer and a reflective layer, 
on a substrate, wherein the phase-change type optical 
recording layer has a composition of Ge f ( Sb d Te 1-d ) 1-f , 
where 0.60<d<0.85, and 0.01<f<0.20 and has a thickness of 
- tr ~ in ^r^ r f^ P protective layer has a thickness of 



rietc. c c :\ z a ~ :. * : : g 



has a thickness of from 50 to 500 nm , whereby mark length 
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modulation recording and erasing are carried out by 
modulating a laser power among at least 3 power levels at 
a linear velocity of from 1 to 7 m/s, wherein to form 
inter-mark portions, erasing power Pe capable of 
5 recrystallizing amorphous mark portions with irradiation 
for less than 100 nanoseconds is applied, and to form 
mark portions having a length nT where T is a clock 
period and n is an integer of at least 2, writing power 
Pw and bias power Pb are applied in such a manner that 

10 when the time for applying writing power Pw is 

represented by c^T, a 2 T, a m T, and the time for 

applying bias power Pb is represented by & ± T , p 2 T, 
P m T, the laser application period is divided into m 
pulses in a sequence of c^T, $ X T , a 2 T f P 2 T, a^T, p m T, 

15 to satisfy the following formulae: 
when 2<i<m-l , <*i<Pi ; 

m=n-k, where k is an integer of 0<k<2 , provided that 
n • -k>l, where n m . is the minimum value of n; and 

m i n v mi n 

a 1 + P 1 + +a Tn +p m = n-j, where j is a real number of 

20 0<j<2; 

and under such conditions that Pw>Pe , and 0<Pb<0.5Pe, 
provided that when i=m, 0<Pb<Pe . 

In the accompanying drawings : 

^ ; mrp 1 is a schematic view illustrating the 

i : . e p : t b e : . L . : . v e : * l ~. _ - . . 

Figure 2 is a view showing an example of the 
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irradiation pattern of a laser power during optical 
recording on the optical recording medium of the present 
invent ion . 

Figure 3 is a graph showing the temperature change of 
the recording layer when optical recording was carried 
out on the optical information recording medium of the 
present invention . 

Before describing the recording media and the 
recording method of the present invention, the concept 
which led to the present invention will be described. 

To carry out recording on a phase-change type medium, 
a laser beam is irradiated to a recording layer in a 
crystalline state to heat and melt it at a temperature of 
at least the melting point, followed by rapid 
resolidif ication to form amorphous marks. To carry out 
erasing, a laser beam is irradiated to the amorphous 
marks to heat them at a temperature of at least the 
crystallization temperature and lower than the melting 
point, followed by cooling for crystallization i.e. for 
20 erasing. 

Usually, if the crystallization speed in a solid 
phase of an alloy in the vicinity of the eutectic point 
is increased, the recrystallization speed will also be 

. , . Uf . _^;^v>^r- v 0 f the molten region of 
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whereby formats 



nrevented. 
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In an alloy in the vicinity of the eutectic point, 
the crystallization speed is governed by the diffusion 
speed of atoms for phase separation, whereby high speed 
crystallization (erasing) can not be accomplished unless 
heating is carried out to a level immediately below the 
melting point, where the diffusing speed becomes maximum. 

Namely, as compared with the currently most commonly 
employed recording layer close to the composition of a 
GeTe-Sb 2 Te 3 pseudo-binary alloy, the temperature range 
within which a high crystallization speed is obtainable, 
is narrow and shifted to a high temperature side. 

Accordingly, to apply such an alloy in the vicinity 
of the eutectic point to a recording layer of an optical 
recording medium, it is necessary to increase the cooling 
rate in the vicinity of the melting point during the 
resolidif ication in order to accomplish both the high 
crystallization speed and formation of a sufficiently 
large amorphous mark . 

The present inventors have found it possible to 
accomplish the high crystallization speed by utilizing a 
phenomenon such that the recording layer material 
undergoes phase separation basically into a Sb phase and 
a Sb 2 Te 3 phase on the line where the Sb 70 Te 30 ratio is 
— ^v. p roTTiDOsition of a SbTe eutectic alloy. 

formed, fine Sb clusters will firstly precipitate during 
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the r esolidif icat ion . Such Sb clusters will remain as 
crystal nuclei in the amorphous mark, and it is 
considered that the subsequent erasing 
(recrystallization) of the amorphous mark can be 
5 completed in a short period of time without requiring a 
substantial time for the phase separation. 

When annealing is conducted in an equilibrium state, 
the phase separation of Sb phase can be confirmed by X- 
ray diffraction. 

10 The present invention has been accomplished on the 

basis of such an observation relating to the SbTe 
eutectic alloy. In the first aspect of the present 
invention, the composition of the ZnlnSbTe four element 
alloy recording layer or the ZnlnMaSbTe five element 

15 alloy (wherein Ma is at least one member selected from 
Sn, Ge, Si and Pb) recording layer is such that 
predetermined amounts of Zn, In and optional Ma are added 
to a base in the vicinity of the Sb 70 Te 30 eutectic 
composition. The largest merit in using this material is 

20 that it has a high crystallization speed, and it is 
thereby possible to prevent a phenomenon of forming 
coarse grains having a reflectivity different from the 
initialized state along the periphery of an amorphous 
mark or in an erased mark. 

crystallization, is primarily determined by the Sb/Te 
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ratio, that is, the excess Sb amount contained in the 
matrix Sb 7Q Te 30 eutectic composition. If Sb increases, 
sites of Sb clusters which precipitate in the super- 
cooled state will increase, whereby formation of crystal 
5 nuclei will be promoted. This means that even when the 
same crystal growing rate from the respective crystal 
nuclei is assumed, the time required until the space is 
filled with grown crystal particles will be shortened, 
and consequently, the time required for complete 
10 crystallization of the amorphous mark can be shortened. 

Accordingly, this is advantageous when erasing is carried 
out at a high linear velocity by irradiation with a laser 
beam in a short period of time. 

On the other hand, the cooling rate of the recording 
15 layer depends also on the linear velocity during 
recording. Namely, even with the same multilayer 
structure, the cooling rate lowers as the linear velocity 
is low. Accordingly, as the linear velocity is low, it 
is preferred to employ a composition whereby the critical 
20 cooling rate for the formation of an amorphous state is 

small i.e. a composition in which the excess Sb amount is 
small . 

In summary, based on the Sb 70 Te 30 eutectic 
rn r;r) osition, the larger the excess Sb amount in the 



The recording layer of the present invention is tne 
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one having the characteristics of this binary alloy 
having the Sb 70 Te 30 eutectic composition improved by 
adding a specific combination of two or three elements in 
a suitable amount. 
5 The composition of the recording layer of the present 

invention is represented by the following formula . 
Namely it is a composition represented by Zn Yl ln 51 Sb a Te wl , 
where 0.01<y1<0.1, 0 . 03<Sl<0 . 08 , 0 . 5<CL<0 . 7 , 0 . 2 5<col<0 . 4 , 
and y1+S1+£1+go1 = 1 / or a composition represented by 
10 Zn Y2 ln 62 Ma e2 Sb c2 Te (o2f where Ma is at lest one member 
selected from Sn, Ge , Si and Pb r 0.01<y2<0.1, 
0.001<52<0.1, 0.01<e2<0.1, 0.5<^2<0.7, 0 . 25<co2<0 . 4 , 
0.03<52+e2<0.15, and Y 2+52+e2 + C2+CD2 = l ■ 

From the study by the present inventors, it has been 
15 found that by defining the composition as described 
above, at least overwriting can be carried out at a 
linear velocity of from 1 to 10 m/s, and particularly 
when used as a rewritable CD compatible medium at a 
linear speed of from 1 (1.2 to 1.4 m/s) to 6 (7.2 to 8.4 
20 m/s) times of the linear speed of CD, it can be 

preferably used as a composition excellent in repetitive 
overwriting durability and archival stability. 

Firstly, the composition of Zn yl I n 51 Sb a Te ul , where 
0.01<yl<0,l, 0 . 03<8l<0 . 08 , 0 . 5<£L<0 . 7 , 0 . 2 5<col<0 . 4 , and 

facilitate initialization of an amorphous layer 
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immediately after its formation. If it exceeds 10 atomic 
%, the archival stability tends to be impaired, such 
being undesirable. The mechanism whereby initialization 
is facilitated by the addition of Zn, is not clearly 
5 understood. However, it is considered that a fine ZnSb 
phase will precipitate together with Sb clusters and thus 
will serve as crystal nuclei. 

In is effective to increase the crystallization 
temperature and to improve the archival stability of an 
10 amorphous mark. In order to secure the archival 

stability at room temperature, at least 3 atomic % will 
be required. If it exceeds 8 atomic %, phase separation 
is likely to occur, and segregation by repetitive 
overwriting is likely to occur, such being undesirable. 

Particularly, in order to provide a satisfactory 
archival stability, it is used in an amount of from 5 
atomic % to 8 atomic %, and in order to provide a 
satisfactory repetitive overwriting property, it is used 
in an amount of from 3 atomic % to 5 atomic %. If its 
amount exceeds 5 atomic %, the segregation by repetitive 
overwriting is likely to occur although a satisfactory 
archival stability is secured. However, it does not 
cause any problem to a rewritable CD which requires about 
: ,000 repetitions. A desired composition is decided 
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xs possible to shorten the crystallization time in the 
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after-mentioned initialization operation, while 
maintaining the archival stability of an amorphous mark. 
By the addition of Zn and In, the composition in which 
matrix SbTe forms eutectic, will shift from Sb 70 Te 30 to a 
level of from Sb 6Q Te 40 to Sb 65 Te 35 . Accordingly, the 
linear velocity dependency will be determined by an 
excess amount of Sb based on this composition. 

As mentioned above, to attain a capability for 
recording at a high linear velocity , the excess amount of 
Sb may be increased. However, if it is increased too 
much, the stability of recorded amorphous marks will be 
impaired. Accordingly, the amount of Sb is 0 . 5<£l<0 . 7 , 
and the amount of Te is 0.25<8l<0.4. More preferably, 
the amount of Sb is 0 . 55<£l<0 . 65 . 

Now, the composition of 2n Y2 In 52 Ma E2 Sb^ 2 Te a)2 , where Ma 
is at least one member selected from Sn, Ge , Si and Pb, 
0 . 01<y2<0 . 1 , 0 . 0 01<52<0 . 1 , 0.0 I<c2<0 . 1 , 0 . 5<^2< 0 . 7 , 
0 . 25<co2<0 • 4 , 0.03<82+e2<0.15, and Y 2+ S2+e2+^2 + co2 = l , will 
be described. 

Zn is added for the purpose of facilitating 
initialization of an amorphous layer immediately after 
its formation, and it is used in an amount of at least 1 
atomic %. If it exceeds 10 atomic %, the archival 
stability will be impaired, such being undesirable. 

increasing the crystallization temperature thereby tc 
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improve the archival stability. By adding both of them 
simultaneously in small amounts, it is possible to obtain 
a large effect while complementing drawbacks which are 
likely when they are used alone respectively. 

When In is added alone, at least 3 atomic % will be 
required to secure the storage stability at room 
temperature, and if it exceeds 5 atomic %, the phase 
separation is likely to occur, and segregation is likely 
to occur by repetitive overwriting, such being 
undesirable. If the amount of In added is not more than 
5 atomic %, a durability corresponding to at least 10,000 
times of repetitive overwriting can be obtained, but the 
archival stability of an amorphous mark tends to be 
inadequate . 

On the other hand, when Ma is added alone, at least 3 
atomic % is required to improve the archival stability, 
but if it exceeds 10 atomic %, initial crystallization 
abruptly tends to be difficult. 

By adding both In and Ma simultaneously in small 
amounts, it is possible to improve the thermal stability 
of the amorphous state and improve the archival stability 
of amorphous recording bits, without bringing about a 
difficulty in the initialization operation or without 
bringing about segregation by repetitive overwriting. 

overwriting occurs gradually and erasing 
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( recrystallization) tends to become difficult. Ma is 
added in order to avoid this tendency and to improve 
archival stability and repetitive overwriting durability. 
The total amount of In and Ma is from 3 to 15 atomic 
5 %. If it is less than 3 atomic %, the effect for 

improving the archival stability tends to be inadequate, 
and if it exceeds 15 atomic %, segregation by repetitive 
overwriting, or difficulty in initialization, will be 
brought about, even when Ge or In is added in any 
10 proportion . 

Further, if In or Ma exceeds 10 atomic %, the same 
problems as described above are like to result. 
Therefore, the amount of each of them is at most 10 
atomic %. More preferably, the content of In is at most 
15 5 atomic % • 

It is preferred to use Ge as Ma, since segregation or 
deterioration in the crystallization speed is thereby 
less likely . 

By adding Zn, In and Ma to the SbTe eutectic 
20 composition, it is possible to shorten the 
crystallization time in the after-mentioned 
initialization operation, while maintaining the archival 
stability of an amorphous mark. By the addition of Zn, 
In and Ma, the composition in which matrix SbTe forms 

is determined by the excess amount cf Sb based on this 
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composition . 

To attain a capability for recording at a high linear 
velocity, the excess amount of Sb may be increased as 
described above. However, if it is increased too much, 
5 stability of recorded amorphous marks tends to be 

impaired. Accordingly, the amount of Sb is 0 . 5<^2<0 . 7 , 
and the amount of Te is 0.25<62<0.4. More preferably, 
thP amount of Sb is 0 . 55<£2<0 . 6 5 . 

In the present invention, addition of Ma is effective 
10 to further improve the characteristics of the recording 
medium, but tends to slightly increase the cost for 
materials. Therefore, the decision for its addition or 
against its addition is made depending upon the cost 
performance . 

It has been reported that by adding Ag and In 
simultaneously to a composition in the vicinity of the 
Sb 70 Te 30 eutectic composition, it is possible to 
facilitate the initialization by Ag and to improve the 
archival stability by In at the same time ( JP-A-4-232779 , 
JP _ A _5_ 18 5732, and JP-A-8-267926 ) . However, each of such 
reports is directed to a very limited scope and does not 
teach or suggest the composition or the combination of 
elements of the present invention. 

... _ t ; - „ r j 3 k - . . p <- v-i a t in usual 
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crystallizing the recording layer in a solid phase at a 
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temperature of at least the crystallization temperature, 
the crystallization is rather slow, and the productivity 
is not good. 

This is believed attri but able to the fact that the 
5 recording layer undergoes phase separation from the 
amorphous state immediately after its formation (as 
deposited) to form a stable crystalline state. For this 
phase separation, heating for at least 1 jasec. is 
required in the solid state (lower than the melting 
10 point ) . 

For example, if initial crystallization of a medium 
using e.g. Ge 10 Sb 66 Te 24 as the recording layer, is 
attempted under such a condition that when Ge 2 Sb 2 Te 5 is 
employed as a recording layer, the medium in the as- 

15 deposited state can be crystallized at a sufficiently 
high speed, substantial portions tend to remain in an 
amorphous state without being crystallized. If this 
operation is repeated a few tens times, the phase 
separation may be completed, and the initialization may 

20 thus be accomplished. However, such is not practical, as 
the productivity is low. However, once initialization 
has been done, subsequent crystallization (erasing) can 
be carried out at a high speed. 

One of the reasons why the recording layer in the as- 

crystalli zable as is different from the amorphous state 
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of recorded marks. Further, the fact that there are no 
substantial crystal nuclei in the recording layer in the 
as-deposited state, may be a reason for the difficult 
crystallizability . 
5 In fact, when a portion treated for initial 

crystallization is observed by an optical microscope, 
crystallized sections are observed in the form of 
separate islands with high reflectance. This is 
understandable if it is assumed that crystallization has 
10 proceeded only at the sections where crystal nuclei were 
present . 

In the present invention, the above difficulty in 
initialization has been overcome by adding Zn in a proper 
amount as described above. The present inventors have 

15 further found that as a method for carrying out the 
initialization in a short period of time, melt 
initialization is effective for the recording layer of 
the present invention. This is effective to remarkably 
increase the crystal growth rate. 

20 so long as the layer structure of the medium is 

properly adjusted, and the initialization conditions are 
properly set, the recording medium will not immediately 
be destroyed even when it is melted. For example, 
melting may be limited to the center portion of a beam by 



shape with a long ax 



is of from 50 to a few hundreds pjn 
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and a short axis of from 1 to 10 [im. 

In addition, the melted portion is heated by 
remaining heat along the periphery of the beam, whereby 
the cooling rate tends to be low, and crystallization 
will be adequately carried out. The melt initialization 
itself is a known method. However, the present inventors 
have found that this method is particularly effective for 
the recording medium of the present invention. Namely, 
by this method, the time for initialization can be 
shortened to one tenth as compared with conventional 
solid phase crystallization, whereby the productivity is 
increased to a large extent. 

Further, the melt initialization provides an effect 
of preventing a change in the crystallizability during 
erasing after overwriting. 

As schematically shown in Figure 1, the layer 
structure of the disk in the present invention is such 
that at least a lower protective layer 2, a phase-change 
type recording layer 3, an upper protective layer 4 and a 
reflective layer 5 are formed on a substrate 1. The 
protective layers 2 and 4, the recording layer 3 and the 
reflective layer 5 are formed by e.g. a sputtering 
method. With a view to preventing oxidation or 
— "^FinaMon amona the respective layers, it is 
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targets for the protecting layers, and if necessary, the 
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target for the reflective layer, are disposed in the same 
vacuum chamber. Further, this is advantageous from the 
viewpoint of the productivity. 

On the reflective layer 5, it is preferred to form a 
5 protective coating layer made of an ultraviolet curable 
or thermosetting resin to prevent scratching, to prevent 
deformation by repetitive overwriting or to improve 
corrosion resistance. The protective coating layer is 
usually applied by a spin coating method and preferably 
10 has a thickness of from 1 to 10 |_im. 

In the present invention, the substrate 1 of the 
recording medium may be made of any material such as 
glass, plastic or glass provided with a photocurable 
resin. From the viewpoint of the productivity including 
15 costs, plastic is preferred. Particularly preferred is a 
polycarbonate resin . 

The thickness of the phase-change type recording 
layer 3 of the present invention is preferably within a 
range of from 15 to 30 nm. If the thickness is less than 
20 15 nm, no adequate contrast tends to be obtained, and the 
crystallization speed tends to be slow, whereby it tends 
to be difficult to carry out erasing of record in a short 
period of time. On the other hand, if the thickness 
..„ r( -.*r- to hpat capacity tends to be large, 
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layers 2 and 4 are determined taking into consideration 
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the refractive indices, the thermal conductivities, the 
chemical stability, the mechanical strength, the 
adhesion, etc. In general, an oxide, sulfide, nitride or 
carbide of e.g. Mg , Ca , Sr, Y, La, Ce, Ho, Er , Yb, Ti, 
Zr, Hf, V, Nb, Ta, Zn, Al , Si, Ge or Pb , or a fluoride of 
Ca, Mg or Li having high transparency and high melting 
point, can be used. These oxides, sulfides, nitrides, 
carbides and fluorides may not necessarily take 
stoichiometr ical compositions. It is effective to 
control the compositions to adjust the refractive indices 
or the like, or to use them in admixture. From the 
viewpoint of the repetitive recording characteristic, a 
dielectric mixture is preferred. More specifically, a 
mixture of ZnS or a rare earth sulfide with a heat 
resistant compound such as an oxide, nitride or carbide, 
may be mentioned. 

The lower protective layer 2 preferably has a 
thickness of at least 50 nm, since it is also required to 
have a function of suppressing a thermal deformation of 
the plastic substrate. On the other hand, if it exceeds 
500 nm, cracking is likely to result due to an internal 
stress, such being undesirable. The thickness is usually 
selected within such a range so that the reflectivity, 
^ Uf ~ ^ i * e &r rf * in reflectivity between before and after 

Particularly preferred is such that the portion cf 
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the lower protective layer in a thickness of from 1 to 10 
nm on the side which is in contact with the recording 
layer, is made of a mixture comprising a chalcogen 
compound and a heat resistant compound having a 
decomposition temperature or melting point of at least 
1,000°C, which is not a chalcogen compound, and the 
remaining portion is made of a heat resistant compound of 
the type which is the same or different from the above 
heat resistant compound. 

The chalcogen compound may, for example, be a sulfide 
of a Group I I a element such as MgS, CaS, SrS or BaS, a 
sulfide of a rare earth, such as La 2 S 3 or Ce 2 S 3 , or a 
selenium compound of a Group Ha element such as MgSe, 
CaSe, SrSe or BaSe. 

The above sulfides or selenium compounds contain 
chalcogen elements and thus have good adhesion with 
chalcogen elements mainly contained in the phase-change 
type recording layer and with the surrounding elements. 
Thus, a substantial improvement is observed as compared 
with a case where a dielectric layer made merely of an 

oxide is employed. 

The heat resistant compound other than the chalcogen 
compound, may, for example, be an oxide of Al , Si, Ge, Y, 
. Mb. V, W, Hf, Sc or a lanthanoid, a nitride 
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When a 



fluoride is used among them, it is preferred 
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to use an ox ide i n comb i nat ion , so that the brittleness 
may be overcome . 

From the viewpoi nt of the costs and ef f iciency for 
the production of targets, it is preferred to employ 
5 silicon dioxide, yttrium oxide, barium oxide, tantalum 
oxide, LaF 3 , NdF 3 , TbF 3 , SiC, Si 3 N 4 or A1N. 

The total amount of the above two types of compounds 
in the protective layer, is preferably at least 50 mol%, 
more preferably at least 80 mol%. If their content is 
10 less than 50 moll, the effect for preventing deformation 
of the substrate or the recording layer tends to be 
inadequate , and the layer tends to be useless as a 
protective layer . 

The content of the chalcogen compound is preferably 
15 from 10 to 95 mol% of the entire protective layer. If 
the content is less than 10 mol%, the desired property 
tends to be hardly obtainable. On the other hand, if it 
exceeds 9 5 mol% , the optical absorption coefficient tends 
to be large, such being undesirable. The content is more 
20 preferably from 15 to 90 mol%. 

The content of the above heat resistant compound i s 
preferably from 5 to 90 mol% in the entire dielectric 
layer, more preferably at least 10 mol% . If the content 
is outside this range, the desired property may not 



heat resistance of at least 1,000°C, and at the same 
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time, required to be optically adequately transparent to 
the laser beam to be used for recording and retrieving. 
Namely, in a thickness of about 50 nm, the imaginary part 
of the complex refractive index in a wavelength region of 
5 at least about 600 nm is desired to be at most 0.05. 

To obtain such optical transparency, it is preferred 
to use a gas mixture of Ar with oxygen and/or nitrogen 
during the sputtering for forming the layer. 

S or Se in a sulfide or a selenium compound has a 
10 high vapor pressure, and a part thereof tends to 

evaporate or undergo decomposition during the sputtering. 
If such deficiency of S or Se in a protective layer 
becomes substantial, the optical absorptivity tends to be 
defective, and the protective layer tends to be 
15 chemically unstable. Addition of oxygen or nitrogen to 
the sputtering gas as mentioned above, is intended to 
replace such deficiency with oxygen or nitrogen. Here, 
an oxide or nitride of the metal element of the above 
chalcogen compound will be formed partially in the film, 
20 but such an oxide or nitride serves as a part of the heat 
resistant compound, whereby the properties of the film 
will not be impaired. 

This dielectric layer is usually prepared by high 
r.^.^^v ^Qrharae sputtering, whereby the layer-forming 
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>f at least 200 nm. Accordingly, in a case where it is 
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required to form a thick layer, such a protective layer 
shculd preferably have a structure such that the portion 
thereof in a thickness of from 1 to 10 nm on the side 
which is in contact with the recording layer, is made of 
a mixture comprising a chalcogen compound and a heat 
resistant compound having a decomposition temperature or 
melting point of at least 1,000°C, and the remaining 
portion is made of a heat resistant compound of the type 
which is the same or different from the above heat 
resist ant compound . 

So long as the dielectric layer of this composition 
is used at least on the interface side with the recording 
layer, the same effect is obtainable as in the case where 
the layer in its entire thickness is made of a dielectric 
layer of the composition of the present invention. 

However, if the adhesion is poor between the 
composite dielectric layer on the interface side of the 
recording layer and the protective layer of a heat 
resistant compound to be formed thereon, peeling is 
likely to occur. Accordingly, a due care is required for 
the combination of the materials. The most problem-free 
combination may be such that the same material as the 
heat resistant compound contained in the composite 
, :^ 0 ^.-;^ i avPr on the interface side with the recording 

The thickness cf the upper protective layer 4 is 
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preferably from 10 to 50 nm. The most important reason 
is that heat dissipation to the reflective layer 5 is 
most efficiently be carried out. By adopting a 
multilayer structure to accelerate the heat dissipation 
5 and to increase the cooling rate for resolidif ication of 
the recording layer, a high erasing ratio can be 
accomplished by high speed crystallization while avoiding 
problems involved in recrystallization . Such a 
multilayer structure is called "a rapid cooling 

10 structure". 

Although it may depend on the thermal conductivity of 
the upper protective layer, the thermal conductivity of a 
thin layer of less than 100 nm is usually smaller by at 
least 2 or 3 figures than the thermal conductivity of 
15 bulk and is not so different, and therefore, the 
thickness will be an important factor. 

If the thickness of the upper protective layer is 
thicker than 50 nm, the time until the heat of the 
recording layer reaches the reflective layer, tends to be 
20 long, whereby the heat dissipating effect by the 
reflective layer may not effectively be obtained. 

On the other hand, if the upper protective layer is 
thinner than 10 nm, it is likely to break due to e.g. 
-o^-rmation durina melting of the recording layer, such 



toe large, and the power required for recording tends tc 
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be unnecessarily large. 

The reflective layer 5 preferably has a thickness of 
from 50 to 500 nm and is made of a metal containing at 
least 90 atomic % of Au , Ag or h€ and having a volume 
resistivity of from 20 to 300 nQ-m. 

The reflective layer is preferably made of a material 
having a high reflectivity, and in order to secure rapid 
cooling of the recording layer of the present invention, 
it is advisable to use a material having a high thermal 
conductivity so that the heat dissipating effect can be 
expected even via the upper dielectric layer. 

The thermal conductivity of a thin layer is usually 
substantially smaller than the thermal conductivity of 
bulk. Especially when the thickness is less than 40 nm, 
it may happen that the thermal conductivity decreases by 
at least 1 figure due to an influence of the island 
structure at the initial stage of growth of the layer, 
such being undesirable. However, it is rather difficult 
to measure the thermal conductivity of a thin film, and 
the reproducibility of measurement is questionable. For 
example, the crystallizability or the amount of 
impurities is likely to be different depending upon the 
layer-forming condition, whereby the thermal conductivity 
hp different even with the same composition. 

instead of the thermal conductivity. 
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With a material wherein mainly electrons govern the 
heat or electrical conductivity, like a metal layer, the 
thermal conductivity and the electrical conductivity are 
in a good proportional relationship, so that the degree 
of the thermal conductivity can be estimated by means of 
the electrical resistance. 

The electrical resistance of a thin layer can be 
represented by a resistivity stipulated by its thickness 
or area of the measured region. For example, the volume 
resistivity and the sheet resistivity can be measured by 
a common four probe method, and they are prescribed in 
JIS K7194. 

By such a resistivity, data can be obtained far more 
simply and with far better reproducibility than the 
actual measurement of the thermal conductivity itself. 
The lower the volume resistivity, the higher the thermal 
conductivity . 

In the present invention, a preferred reflective 
layer has a volume resistivity of from 20 to 300 nQ-m. 

As a thin layer having a volume resistivity of from 
20 to 300 nQ-m, substantially pure Kt , Au or Ag metal or 
alloy having an impurity content of not more than 10 
atomic % (inclusive of pure K€ , Au or Ag) may , for 
example , be mentioned . 

to 1.2 wt% of Mg as additives. This alloy is preferred, 
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as it has already been used as a sputtered film for a 
reflective layer for CD or a circuit material for IC. 
Further, it is known that with an A£ alloy containing at 
least 0.2 and less than 2 atomic % of Ta , Ti , Co, Cr , Si, 
Sc, Hf, Pd, Pt, Mg, Zr, Mo or Mn as an additive, the 
volume resistivity increases, and the hillock resistance 
is improved (Journal of Japanese Metal Association, vol. 
59 (1995) p. 674-678, J. Vac, Sci, Tech, A14 (1996) 
p. 2728-2735, etc.), and such an alloy may be used in 
consideration of the durability, the volume resistivity 
and the layer-forming speed. 

With the A£ alloy, if the amount of additive is less 
than 0.2 atomic %, the hillock resistance tends to be 
inadequate in many cases, although such may depend upon 
the layer-forming conditions. 

When the archival stability is of importance, the 
additive component is preferably Ta . 

On the other hand, as a preferred Ag alloy, the one 
containing at least 0.2 atomic % of Ti , V, Ta , Nb , W, Co, 
Cr, Si, Ge, Sn, Sc, Hf , Pd, Rh , Au , Pt , Mg , Zr, Mo or Mn 
as an additive, is preferred. 

When the archival stability is of importance, the 
additive component is preferably Ti or Mg . 

Thp present inventors have confirmed that with the 

v w ^ ^rr.t : . s i ^ '.' - l j - • : : 

concentration of the additive element . 
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Usually it is considered that addition of an impurity 
tends to reduce the crystal particle size and to increase 
electron scatter ing at grain boundary to lower the 
thermal conductivity . It is necessary to adjust the 
amount of the added impurity in order to obtain the high 
thermal conductivity of the material itself by increasing 
the crystal particle size. 

Further, the reflective layer is usually formed by a 
sputtering method or a vacuum deposition method, whereby 
the total amount of impurities is required to be less 
than 2 atomic % including the amounts of impur i t ies in 
the target or the vapor deposition material itself and 
the moisture and the oxygen amount entered dur ing the 
layer -forming operation . 

Therefore, the background pressure of the process 
chamber is preferably at most IxlO" 3 Pa. 

When the layer-forming is carried out under the 
background pressure of at least IxlO" 4 Pa, the layer- 
forming rate is preferably adjusted to be at least 1 
nm/sec, preferably at least 10 nm/sec, thereby to prevent 
inclusion of impurities . 

Otherwise, when the additional element is 
intentionally contained in an amount of more than 1 
*t-oTr.ic %, it is advisable to adjust the layer-forming 

A layer-forming condition such as pressure may affect 
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the crystal particle size. For example, in an alloy 
layer having Ta added in an amount of about 2 atomic % to 
Kit an amorphous phase may be present between crystal 
particles, and the proportions of the crystalline phase 
and the amorphous phase depend upon the layer-forming 
condition. Namely, the lower the pressure for 
sputtering, the larger the proportion of the crystalline 
phase, the lower the volume resistivity (the higher the 
thermal conductivity) . 

A method for preparation of the alloy target used for 
sputtering and the sputtering gas (Ar, Ne , Xe or the 
like) will also affect the crystallizability or the 
impurity composition in the layer. 

Therefore, even if the above K€ alloy composition is 
disclosed as a material for the reflective layer (such as 
JP-A-3-1338, JP-A-1-169571 or JP-A-1-2087 44 ) , such a 
composition does not necessarily show the multilayer 
structure with the volume resistivity as defined by the 
present invention . 

The thickness of the reflective layer is preferably 
at least 50 nm to completely reflect the incident light 
without transmission of light. If the thickness exceeds 
500 nm, the productivity tends to be poor with no further 
• . __ 0 ^ : ~ vv,p hpat dissipating effect, and cracking 
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protective layer is from 30 to 50 nm, in order to impart 
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high thermal conductivity to the reflective layer, the 
amount of impurities is adjusted to be at most 2 atomic 

In the present invention, this rapid cooling 
5 structure is used in combination with the following 

recording method to accurately control the cooling rate 
during r esolidif ication of the recording layer, whereby 
it is possible to fully attain the feature of the 
recording layer material of the present invention 
10 suitable for mark length recording. 

Figure 2 is a view illustrating one embodiment of the 
irradiation pattern of a laser power during optical 
recording in the mark length modulation recording. The 
Figure illustrates an embodiment wherein an amorphous 
15 mark having a length nT, where T is a clock period, and n 
is a natural number of at least 2, is formed so that nT 
represents a mark length obtainable in the mark length 
modulation recording. 

When a mark having a length nT is recorded to the 
20 recording medium of the present invention, the laser 

application period is divided into m=n-k (k is an integer 
of 0<k<2, provided that n min -k>l, where n min is the 
minimum value of n) recording pulses, whereby each 
. ^,.-i C p width (the period for application of 

perioc c: tine lepittti.ieo - ■- -■ : 

recording pulse. Here, k is a parameter form to take a 
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value smaller than n. For example, when n=3, m may take 
a value of 1, 2, or 3, During the off-pulse period, bias 
power Pb of 0<Pb<0 . 5Pe is applied, (provided that when 

2<i<m-l , &i<$i ) • 

Here, so that an accurate nT mark can be obtained at 
the time of retrieving the amorphous mark, the laser 
application period can be adjusted as follows: 

a i + Pi + + a m + (3 m = n-j, where j is a real 

number of 0< j<2 . Here, j is a parameter for shortening 
the application period of recording power to prevent an 
effect of heating by the final pulse. 

With the medium of the present invention, it is 
preferred to carry out recording/erasing by a three power 
level modulation wherein the above-mentioned off-pulse 
period is provided for bias power Pb, rather than by a 
two power level modulation with writing power Pw and 
erasing power Pe as heretofore employed in a conventional 
GeTe-Sb 2 Te 3 pseudo binary alloy system. Overwriting by 
the two power level modulation may be used, but by 
employing the three power level modulation system, the 
power margin and the linear velocity margin for recording 
can be broadened. 

With the recording layer of the present invention, it 
_ _ n ^ ^ ; n „ i p ^ i v preferred to adjust bias power Pb for the 

L < r D < U . 3 r- e . : : ■ . t.r V t_ ; , ^ " : " : = - ' e : 

Further, erasing power Pe is a power which is capable 
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of accomplishing recrystallization of amorphous mark 
portions, and writing power Pw is a power which is 
sufficient for melting the recording layer in a time of 

c^T and Pw>Pe . 

Figure 3 is a schematic graph illustrating the 
temperature change of the recording layer when optical 
recording is carried out on the medium of the present 
invention. This is a case wherein the laser application 
period is divided into two (m=2), and a first recording 
pulse (writing power), a first off-pulse (bias power), a 
second recording pulse and a second off-pulse are 
sequentially irradiated to form an amorphous mark, and 
(a) represents a case where a-P-0.5, and Pb=Pe, and (b) 
represents a case where a i =P i =0.5, and Pb is 
substantially 0 (provided that P*0). 

As the recording position, a position of the 
recording layer where the rear end of the first recording 
pulse is irradiated, is assumed. 

in the case of (a), even during the off-pulse period, 
Pe is applied, whereby the influence of the heating by 
the subsequent recording pulse extends forwardly, and the 
cooling rate after irradiation of the first recording 
pulse is low, and the lowest temperature T La to which the 

,v..„ u.. v ^ ^ ^P^pprature drop during the 



point . 

On the other hand, in the case of (b), Pb during the 
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off-pulse period is substantially 0, whereby the lowest 
temperature T Lb will be sufficiently lower than the 
melting point, and the cooling rate is high. The 
amorphous mark area is melted during irradiation with the 
5 first recording pulse and then is formed by quenching 
during the subsequent off-pulse period. 

As mentioned above, in the medium of the present 
invention, the recording layer shows a high 

crystallization speed only in the vicinity of the melting 
10 point. 

Accordingly, to take the temperature profile as shown 
by (b) in Figure 3, is important to suppress 
recrystallization and to obtain a good amorphous mark. 

In other words, by controlling the cooling rate and 
15 the lowest temperature T L , it is possible to completely 
control the recrystallization and to form an amorphous 
mark having a clear outline which substantially 
corresponds to the melted region, whereby a low jitter is 
attainable at the edge of the mark. In the above 
20 recording pulse dividing method, 0<Pb<0 . 2Pe is more 
preferred. However, at P m T , 0<Pb<Pe is acceptable. 

Further, it is more preferred that when 2<i<m-l, 
di+P^l-O, and 0,05<a i <0.5, since it is thereby possible 
to effectively obtain the cooling effect during the off- 
alloy, there is no substantial difference in the 
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amorphous mark-forming process whether either temperature 
profile (a) or (b) in Figure 3 is used. Because it shows 
recrystallization within a wide temperature range, 
although the speed is somewhat slow. In such a case, 
irrespective of the divided pulse method, 
recrystallization takes place to some extent, whereby 
coarse grains will form along the periphery of the 
amorphous mark, thus deteriorating the jitter at the edge 
of the mark. With this recording layer composition, it 
is advisable to carry out overwriting by conventional 
simple two power level modulation rather than adopting 

the off pulse. 

Namely, for the recording layer of the present 
invention, the off-pulse is suitable, but such off-pulse 
is not necessarily suitable when applied to conventional 
GeTe-Sb 2 Te 3 type recording layer or when the recording 
layer of the present invention is applied to the mark 
position recording as shown in Examples of JP-A-1-303643 . 

As mentioned above, there has been some cases wherein 
an alloy having a composition close to the SbTe eutectic 
is disclosed, but nothing is disclosed with respect to 
the application of the recording method suitable for mark 
length recording as disclosed by the present invention. 

-u.._ vv. 0 ,^^ t ; on and the multilayer structure of 
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Sb 70 Te 30 eutectic composition useful for a practi 
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phase -change medium . 

Further, the present invention is very important also 
from the viewpoint that the composition which used to be 
considered difficult to initialize and impractical as a 
recording layer, has been found to be suitable for high 
density recording once it has been initialized. 

Still further, it is industrially important that an 
initialization method suitable for the recording medium 
of the present invention has been found to carry out 
initialization in a short period of time. 

Now, the second aspect of the present invention will 
be described. The composition of the recording layer of 
the second aspect of the present invention is the one 
having a predetermined amount of Ge and a predetermined 
amount of Ag or Zn added to the same base close to the 
Sb 70 Te 30 eutectic composition as in the first aspect of 
the present invention . 

The most important merit of employing the material 
for the recording layer of the present invention is that 
it provides a high crystallization speed, and it is 
thereby possible to suppress a phenomenon such that 
coarse grains having a reflectivity different from the 
initialized state will form in the periphery of an 
=>r.^mhous mark or in the erased mark. 

Namely, it is represented by Mb 2 Ge y ( Sb x Te 1 _ x ) 1 _ y _ 2 , where 
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Mb is at least one member selected from Ag and Zn, 
0 . 60<x<0 . 85 , 0.01<y<0.20, and 0.01<z<0.15. 

Addition of Ge is effective particularly for 
improving the thermal stability of the amorphous state 
and for increasing the archival stability of recorded 
amorphous marks. 

If the amount of Ge exceeds 20 atomic %, an 
intermetallic compound composition such as Ge 1 Sb J ,Te 7 , 
G ei Sb 2 Te 4 , Ge 2 Sb 2 Te 5 or GeTe , tends to undergo phase 
separation, and the composition is likely to change by 
repetitive overwriting, such being undesirable. More 
preferably, it is at most 15 atomic %. On the other 
hand, if it is less than 1 atomic %, no substantial 
effect of addition will be obtained. 

Ag and Zn may be employed alone or in combination in 
an amount of at least 1 atomic %, to facilitate 
initialization of the amorphous layer immediately after 
its formation. If it exceeds 15 atomic %, the effect for 
stabilizing amorphous bits obtainable by the addition of 
Ge tends to be lost. Further, the jitter of the recorded 
mark edge deteriorates probably due to precipitation of a 
new alloy phase, such being undesirable. Preferably, the 
amount is at most 10 atomic %. 

ne , n.n and Zn to the SbTe eutectic 
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initialization operation, while maintaining the archival 
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stability of an amorphous mark. By the addition of Ge, 
Ag and Zn, the composition of matrix SbTe to form 
eutectic will shift from Sb 70 Te 30 to a level of Sb 60 Te 40 
to Sb 65 Te 35 . Accordingly, the linear velocity dependency 
5 will be determined by the excess amount of Sb based on 
this composition . 

To attain a capability for recording at a high linear 
velocity, the excess amount of Sb may be increased as 
described above. However, if it is increased too much, 
10 the stability of the recorded amorphous marks tends to be 
impaired. Therefore, with respect to Sb x Te 1 _ x , 

0. 60<x<0.85, preferably 0.65<x<0.80. 

For the medium of this invention, melt initialization 
is effective as in the case of the first aspect of the 
15 present invention. Further, a crystallization 
accelerating layer may be formed. 

The medium of this second aspect of the present 
invention has a multilayer structure as shown in Figure 

1, like the first aspect of the invention. The thickness 
20 of the phase-change type recording layer 3 is preferably 

from 15 to 30 nm. If the thickness is thinner than 15 
nm, no adequate contrast tends to be obtainable, and the 
crystallization speed tends to be slow, whereby it will 
u 0 r ^-| ^ carrv out erasing of record in a short 
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recording sensitivity tends to be poor. 
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The materials for the upper and lower protective 
layers 2 and 3 may be the same as in the first aspect of 
the present invention. 

The lower protective layer 2 is required to have a 
function of suppressing a heat deformation of a plastic 
substrate. Accordingly, the thickness is preferably at 
least 50 nm. On the other hand, if it exceeds 500 nm, 
cracking is likely to result due to an internal stress. 
Accordingly, the thickness is usually selected within 
this range, so that the reflectivity, the difference in 
reflectivity between before and after recording, and the 
phase difference will be proper levels taking into the 
light interference effect into consideration. 

The thickness of the upper protective layer 4 is 
preferably from 10 to 50 nm. The most important reason 
is that heat dissipation to the reflective layer 5 is 
most efficiently be carried out. By adopting a 
multilayer structure to accelerate the heat dissipation 
and to increase the cooling rate for r esolidif ication of 
the recording layer, a high erasing ratio can be 
accomplished by high speed crystallization, while 
avoiding problems involved in recrystallization. 

If the thickness of the upper protective layer is 
thicker than 50 nm, the time until the heat of the 

reflective layer may not effectively be obtained. 
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Although it may depend upon the thermal conductivity 
of the upper protective layer, the thermal conductivity 
of a thin layer of less than 100 nm is usually smaller by 
2 to 3 orders of magnitude from the thermal conductivity 
5 of bulk and has no substantial difference . Accordingly , 
the thickness of the protective layer becomes an 
important factor . 

On the other hand, if the upper protective layer is 
thinner than 10 nm, it is likely to break due to e.g. 

10 deformation during melting of the recording layer, such 
being undesi rable . This is undesi rable also from such a 
viewpoint that the heat dissipating effect tends to be 
too large, and the power required for recording tends to 
be unnecessarily large . 

15 The reflective layer is preferably made of a material 

having a large reflectivity, and for the recording layer 
of the present invention, it is preferred to employ a 
material which has a particularly high thermal 
conductivity, so that the heat dissipating effect can be 

20 expected even via the upper dielectric layer. 

As such a material, a metal containing at least 90 
atomic % of Au , Ag or A^, is preferably employed . To 
control the thermal conductivity and to improve the 
corrosion resistance , a small amount of e.g. Ta, Ti, Cr, 

in corrosion resistance and improves the reliability of 



- 46 - 

the medium. 

The thickness of the reflective layer is preferably 
at least 50 nm to completely reflect the incident light 
without transmission of light. If the thickness exceeds 
5 500 nm, the productivity tends to be poor with no further 
improvement in the heat dissipating effect, and cracking 
is likely to result. Therefore, thickness is preferably 
at most 500 nm. 

Also in the second aspect of the present invention, 
10 the recording method as described in the first aspect of 
the present invention may preferably be used in 
combination. It is particularly preferred to employ it 
in a linear velocity range of 1 to 7 m/s . If the linear 
velocity is less than 1 m/s, recrystallization is likely, 
15 and if it is more than 7 m/s, no adequate erasing ratio 
tends to be obtained . More preferably , the linear 
velocity is from 2 to 7 m/s . 

Now, the third aspect of the present invention will 
be described. 

20 As mentioned above, a GeSbTe ternary alloy close to 

the SbTe eutectic composition has had a problem that the 
recording pulse pattern dependency and the linear 
velocity dependency are strong, and when a usual two 
level modulation pulse pattern is employed, overwriting 



Namely, at a low linear velocity, recrystallization 
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is so remarkable that formation of an amorphous mark 
tends to be impaired, and at a high linear velocity, the 
crystallization speed tends to be inadequate, whereby 
erasing tends to be inadequate . For example , when an 
5 overwriting at 2.8 m/s was applied, normal overwriting 

can be carried out only within a linear velocity range of 
2.8 m/s±50%. 

To solve this problem, according to the third aspect 
of the present invention, a certain specific recording 

10 method is combined to a medium having the same multilayer 
structure as the recording medium according to the first 
aspect of the present invention, wherein the recording 
layer is Ge f ( Sb d Te 1 _ d ) 1-f , where 0.60<d<0.85, and 
0.01<f<0.20, and has a thickness of from 15 to 30 nm, the 

15 upper protective layer has a thickness of from 10 to 50 
nm, and the reflective layer is made of a metal 
containing at least 90 atomic % of Au, Ag or A£ and has a 
thickness of from 50 to 500 nm . 

The composition of the recording layer according to 

20 the third aspect of the present invention is the one 
having a predetermined amount of Ge added to the same 
base close to the Sb 70 Te 30 eutectic composition as used 
in the first aspect of the invention. 

The most important merit of employing the recording 
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suppress a phenomenon such that coarse grains which are 
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different in the reflectivity from the initialized state 
will form along the periphery of an amorphous mark or in 
an erased mark. 

The composition of the recording layer of this 
5 invention is represented by the following formula. 
Namely, it is represented by Ge f ( Sb d Te 1 _ d ) x _ f , where 
0.60<d<0.85, and 0.01<f<0.20. 

Adding Ge is effective particularly for improving the 
thermal stability of the amorphous state and for 
10 increasing the archival stability of recorded amorphous 
marks . 

If the amount of Ge exceeds 20 atomic %, an 
intermetallic compound composition such as Ge 1 Sb 4 Te 7 , 
Ge 1 Sb 2 Te 4 , Ge 2 Sb 2 Te 5 or GeTe, tends to undergo phase 
15 separation, and the composition is likely to change by 
repetitive overwriting. More preferably, it is at most 
15 atomic %. On the other hand, if it is less than 1 
atomic %, no substantial effect of addition is 
obtainable . 

20 As a result of an extensive study on various additive 

elements to solve a problem of instability of an 
amorphous mark (the crystallization temperature is as low 
as from 100 to 150°C, and the storage stability is 
inadeouate) which is problematic with the Sb 70 Te 30 binary 

;y. e c w a ; . ^ s . i ^ : . . * ^ ^^cc^ . ' f - 

precipitation of Sb clusters, it has been found that 
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addition of a proper amount of Ge increases the 
crystallization temperature to a level of at least 150°C 
and thus has an effect of stabilizing an amorphous mark, 
without impairing the high speed crystallization. 
5 If the amount of Ge added, is less than 1 atomic %, 

no adequate effect is obtainable , and in some cases , the 
crystallization temperature tends to decrease. If the 
amount of Ge added, exceeds 20 atomic %, other stabilized 
phase such as GeTe tends to precipitate, whereby the high 

10 speed crystallization tends to be impaired, and the 

crystal particles tend to be coarse , whereby the outline 
of the amorphous mark tends to be vague, and the jitter 
tends to increase, such being undesirable. Further, the 
composition is likely to change due to repetitive 

15 overwriting . 

The amount is particularly preferably from 2 to 15 
atomic %, in order to maintain good properties even after 
10,000 times of repetitive overwriting. 

By the addition of Ge , the composition for matrix 

20 SbTe to form eutectic will shift from Sb 70 Te 30 to a level 
of Sb 60 Te 40 to Sb 65 Te 35 . Accordingly, the linear velocity 
dependency will be determined by the excess amount of Sb 
based on this composition . 

To attain a capability for recording at a high linear 

. ?_• ^ ^ . i ;: e c ^ c v t. , : -. o w e v e ; • ' h a s e ^ . . : . ... ^ : . , 



stability of recorded amorphous marks tends to be 




- 50 - 



impaired. Accordingly, in the case of 
sb d Te i-d' 0-60<d<0.85, preferably 0.65<d<0.75. 



For the medium of this invention, melt initialization 
is effective like in the first aspect of the invention. 
Further, a crystallization accelerating layer may be 
formed . 

The medium of this invention has a multilayer 
structure as shown in Figure 1, like the first aspect of 
the invention . 

The thickness of the phase-change type recording 
layer 3 of this invention is preferably within a range of 
from 15 to 30 nm. If the thickness is thinner than 15 
nm, no adequate contrast tends to be obtained, and the 
crystallization speed tends to be slow, whereby it will 
be difficult to erase the record in a short period of 
time. On the other hand, if it is thicker than 30 nm, 
the heat capacity tends to be large, and the recording 
sensitivity tends to be poor. 

The materials for the upper and lower protective 
layers 2 and 4 may be the same as used in the first 
aspect of the invention. 

The lower protective layer 2 is required a have a 
function of suppressing heat deformation of the plastic 
substrate. Accordingly, the thickness is preferably at 



being undesirable. Usually, the thickness will be 
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selected within this range, so that the reflectivity, the 
difference in reflectivity between before and after 
recording, and the phase difference will be proper levels 
taking the light interference effect into consideration. 

The thickness of the upper protective layer is 
limited from 10 to 50 nm. The most important reason is 
such that heat dissipation to the reflective layer 5 is 
effectively conducted. By adopting a multilayer 
structure for accelerating heat dissipation and for 
improving the cooling rate for recrystallization of the 
recording layer, it is possible to realize a high erasing 
ratio by high crystallization, while avoiding a problem 
of recrystallization . 

If the thickness of the upper protective layer 
exceeds 50 nm, the time until the heat of the recording 
layer reaches the reflective layer tends to be long, 
whereby the heat dissipating effect by the reflective 
layer may not effectively be obtained. Preferably, it is 
at most 30 nm. 

Although it may depend upon the thermal conductivity 
of the upper protective layer, the thermal conductivity 
of a thin layer of less than 100 nm is usually smaller by 
2 to 3 figures than the thermal conductivity of bulk and 
v.p Q cnbstantial difference. Accordingly, the 

:ac:ci . 

On the other hand, if the upper protective layer is 
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thinner than 10 nm, it is likely to break due to e.g. 
deformation during melting of the recording layer, such 
being undesirable. This is undesirable also from such a 
viewpoint that the heat dissipating effect tends to be 
too large, and the power required for recording tends to 
be unnecessarily large . 

The reflective layer is preferably made of a material 
having a high reflectivity. For the recording layer of 
the present invention, it is preferred to employ the one 
having a particularly high thermal conductivity, so that 
the heat dissipating effect can be expected even via the 
upper dielectric layer . 

As such a material, a metal containing at least 90 
atomic % of Au, Ag or A€ , is preferably employed. To 
control the thermal conductivity and to improve the 
corrosion resistance, a small amount of Ta, Ti, Cr, Mo, 
Mg, V, Nb or Zr may be added. 

Particularly preferred is an alloy of A^ c Ta 1 _ c 
(0<c<0.1)/ it is excellent in corrosion resistance and 
improves the reliability of the medium . 

The thickness of the reflective layer is preferably 
at least 50 nm to completely reflect the incident light 
without transmission of light. If the thickness exceeds 
t,tti , fhp nroductivity tends to be poor with no further 
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preferably at most 500 nm. 
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In this invention, the recording method as described 
in the first aspect of the present invention may be 
employed in combination in a linear velocity range of 
from 1 to 7 m/s, whereby the above-described effects can 
be obtained. If the linear velocity is less than 1 m/s, 
recrystallization tends to be so remarkable that a proper 
amorphous mark can not be formed even by using this 
recording method. If it exceeds 7 m/s, no adequate 
erasing ratio can be obtained by this recording method. 
To take a large margin, the linear velocity is more 
preferably from 2 to 7 m/s. 

As mentioned above, with a conventional GeSbTe 
ternary alloy close to the SbTe eutectic composition, 
normal overwriting can be carried out only within a 
linear velocity range of 2.8 m/s±50%. Whereas, by the 
combination of the recording medium and the recording 
method of the present invention, excellent overwriting is 
made possible within a wide linear velocity range. 

Further, as another method for solving the difficulty 
in initialization of Sb 70 Te 30 eutectic alloy based 
recording layer, especially Gef ( Sb d T ei _ d ) x _ f , where 
0.60<d<0.85, and 0.01<f<0.20, the present inventors have 
found it effective to provide a crystallization 

= r, n lavpr, whereby the initial crystallization 

tor this effect, ^t - i= >.- • <• • : ■ .-. ar..y i - 

crystallization accelerating layer serves as crystal 
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nuclei to promote the crystallization, or that the 
structure in the as-deposi ted state of the recording 
layer formed on the crystallization accelerating layer is 
different from the case where no crystallization 
accelerating layer is present, whereby crystallization 
readily proceeds. 

According to the study by the present inventors, the 
initial crystallization can be facilitated when the 
crystallization accelerating layer is formed below the 
recording layer, but the effect tends to be small when 
the crystallization accelerating layer is formed on the 
recording layer. This indicates that the effect of the 
latter reason is predominant . 

The crystallization accelerating layer may be made of 
a readily crystallizable metal such as Au, Ag, Cu or Al , 
but is preferably the one having a refractive index which 
is close to the recording layer. Therefore, for the 
recording layer of the composition of the present 
invention, the crystallization accelerating layer is 
preferably of a composition close to Sb 2 Te 3 . 

The composition close to Sb 2 Te 3 is, in many cases, 
crystalline even in the as-deposited state and likely to 
form crystal nuclei during the initial crystallization, 
and it also has a merit that it makes the as-deposited 



The compositional range of the crystallization 
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accelerating layer of Sb a Te 1-a is preferably 0 . 3<a< 0 . 5 , 
more preferably 0.35<a<0.45. Further, an additional 
element may be incorporated in an amount of at most 10 
atomic*. For example, Ge 1 Sb 4 Te 7 or the like is useful 
5 for the crystallization accelerating layer. 

After recording an amorphous mark after the 
initialization, the crystallization accelerating layer 
provided at the time of forming the recording layer is 
considered to be mixed with other portions of the 
10 recording layer. 

The crystallization accelerating layer has a 
composition which is different from the average 
composition of the recording layer, and as the refractive 
index is different from the recording layer f the 
15 reflectance after the initial crystallization will be 
different from a case where no crystallization 
accelerating layer is present, or after the initial 
crystallization and after repetitive overwriting for e.g. 
ten times. Accordingly, the crystallization accelerating 
20 layer should not be too thick. 

If the crystallization accelerating layer is too 
thick, recorded signals tend to be deteriorated by from 2 
to 5 times of overwriting. On the other hand, if it is 
«-hin, the effect for facilitating the initial 
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preferably at least 0.2 nm, more preferably at least i 
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run, and preferably at most 10 nm, more preferably at most 
5 nm. 

To compensate the difference in composition between 
the recording layer and the crystallization accelerating 
5 layer , it is effective to provide a composition-adjusting 
layer in contact with the crystallization accelerating 
layer so that the compos i t ion obtained by averaging the 
compositions of the crystallization accelerating layer 
and the composition-adjusting layer would be close to the 
10 composition of the recording layer. 

Now, the present invention will be described in 
further detail with reference to Examples. In the 
following Examples, specific embodiments of rewritable CD 
are described. However, it should be understood that the 
15 present invention is by no means restricted to such 
specific Examples . 

For the study of a ZnlnSbTe four element alloy 
recording layer, cosputtering was carried out by means of 
at least two types of targets i.e. a Zn 5 In 5 Sb 60 Te 30 , 
20 Zn 5 In 3 Sb 62 Te 30 or Zn 7 In 5 Sb 58 Te 30 allo Y target, and a metal 
or alloy target such as Sb, Zn, InSb or ZnSb. 

For the study of a ZnlnGeSbTe five element alloy 
recording layer, cosputtering was carried out by means of 
at least two types of targets i.e. a Zn 5 In 3 Ge 3 Sb 5g Te 30 , 

For the study of a AgGeSbTe or ZnGeSbTe four element 
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alloy recording layer, cosputtering was carried out by 
means of at least three types of targets i.e. a Ge 1 Sb 2 Te 4 
or Ge 2 Sb 2 Te 5 ternary alloy target, Sb, and Ag or Zn. 

By adjusting the discharge powers for the respective 
5 targets, the composition was adjusted. The composition 
of the obtained thin alloy layer was measured by X-ray 
fluorescence intensity corrected by chemical analysis. 
EXAMPLE 1 

On a polycarbonate substrate, 85 nm of a 
10 (ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 5 In 5 Sb 60 Te 30 as a 

recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 170 
nm of a A^ 985 Ta 15 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
15 \im to obtain a disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 3.5 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
of 50 ^m/rotation with a laser power of 550 mW by means 
20 of an optical disk initialization apparatus with an 

elliptic irradiation beam having a long axis of 80 |om and 
a short axis of about 1.4 |om, whereby initial 
crystallization was carried out by one scanning 
operation , 



means of an optical disk evaluation apparatus (laser 
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wavelength: 780 nm, NA: 0.55). 

The recording conditions were such that in Figure 2, 
al = l, ai=0.5 (i>2), Pi=0.5, Pw=13 mW, Pe=6 . 5 mW, Pb=0.8 
mW. Namely, m=n-l, and j=0.5. 
5 The jitter value showing the actual signal 

characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
1,000 times of overwriting. Further, the recorded 
10 signals showed no deterioration even after being left for 
1,000 hours in an environment wherein the temperature was 
80°C and the relative humidity was 80%. 
EXAMPLE 2 

On a polycarbonate substrate, 80 nm of a 
15 (ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 7 In 5 Sb 58 Te 30 as a 

recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 170 
nm of a A* g8-5 Ta 1-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
2 0 pjn to obtain a disk . 

This optical disk was subjected to melt 
initialization at a linear speed of 3.5 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
of 50 um/rotation with a laser power of 550 mW by means 

long axis of 80 yim and a short axis of about 1-4 jam, 
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whereby the initial crystallization was carried out by 
one scanning operation . 

On this disk, recording was carried out under the 
same conditions as in Example 1, followed by evaluation. 
5 The jitter value showing the actual signal 

characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
1,000 times of overwriting . Further, the recorded 
10 signals showed no deterioration even after being left for 
1,000 hours in an environment in which the temperature 
was 80°C and the relative humidity was 80%, 
EXAMPLE 3 

On a polycarbonate substrate, 80 nm of a 
15 (ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 5 In 3 Ge 3 Sb 59 Te 30 layer 

as a recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 
170 nm of a A^ 98 _ 5 Ta 1-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
20 to obtain a disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 3 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
c;p ,,n a f i on with a laser power of 600 mW by means 
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out by one scanning operation. 
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On this disk, recording was carried out under the 
same conditions as in Example 1, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
2,000 times of overwriting. Further, the recorded 
signals showed no deterioration even after being left for 
1,000 hours in an environment wherein temperature was 
80°C and the relative humidity was 80%. 
EXAMPLE 4 

On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 7 In 3 Ge 3 Sb 58 Te 29 layer 
as a recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer 
15 and 200 nm of a A^ g8>0 Ta 2-0 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
inn to obtain a disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 3 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
of 50 |am/rotation with a laser power of 600 mW by means 
of the same optical disk initialization apparatus as used 
-.^-^o - w ^prPbv initial crystallization was carried 
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same conditions as in Example 1, followed by evaluation. 
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The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
5 2,000 times of overwriting. Further, the recorded 
signals showed no deterioration after being left for 
1,000 hours in an environment in which the temperature 
was 80°C and the relative humidity was 80%. 
COMPARATIVE EXAMPLE 1 
10 On a polycarbonate substrate, 80 nm of a 

( ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 5 In 10 Sb 60 Te 25 layer as 
a recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 
200 nm of a A^ 98 0 Ta 2>0 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
15 ray-curable resin was further coated in a thickness of 4 
\im to obtain a disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 3 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
20 of 50 ^m/rotation with a laser power of 600 mW by means 

of the same optical disk initialization apparatus as used 
in Example 1, whereby initial crystallization was carried 
out by one scanning operation. 

^„ r^ck, recordina was carried out under the 
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characteristic was less than 10% of the clock period with 
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the shortest mark length, and the initial characteristic 
was good. However, after 1,000 times of overwriting, the 
jitter increased abruptly. Especially, a long mark such 
as 11T was observed to remain without being completely 
5 erased. It is considered that since In was contained in 
a large amount, segregation resulted, whereby 
recrystallization (erasing) was hindered. 
COMPARATIVE EXAMPLE 2 

On a polycarbonate substrate, 80 nm of a 
10 (ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 5 In 2 Sb 62 Te 31 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 200 
nm of a ^ 9 e.o Ta 2.o ^ llo Y layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
15 [xm to obtain a disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 3 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
of 50 jam/rotation with a laser power of 500 mW by means 
20 of the same optical disk initialization apparatus as used 
in Example 1, whereby initial crystallization was carried 
out by one scanning operation. 

On this disk, recording was carried out under the 
same conditions as in Example 1, followed by evaluation. 

the shortest mark length, and the initial characteristic 
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was good. Further, even after 1,000 times of 
overwriting, the jitter was still less than 10% of the 
clock period and thus showed a good result . However , 
recorded signals deteriorated when it was left for 500 
5 hours in an environment wherein the temperature was 80°C 
and the relative humidity was 80%, and the jitter reached 
20% of the clock period. 

This disk was inspected , whereby it was found that 
amorphous bits partly underwent recrystallization and 

10 thus were partly erased. It is considered that the 
amount of In was too small that the crystallization 
temperature was as low as 140°C, whereby the thermal 
stability of amorphous marks was inadequate. 
COMPARATIVE EXAMPLE 3 

15 On a polycarbonate substrate, 80 nm of a 

(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 15 In 5 Sb 51 Te 29 layer as 
a recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 
170 nm of a A* 98a5 Ta 1>5 alloy layer, were sequentially 
laminated by magnetron sputter ing , and an ultraviolet 

20 ray-curable resin was further coated in a thickness of 4 
jam to obtain a disk. 

This opt ical disk was subjected to melt 
initialization at a linear velocity of 3 m/s at a beam- 
transferring speed (in the radial direction of the disk) 

in Example 1, whereby initial crystallization was carried 
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out by one scanning operation. 

On this disk, recording was carried out under the 
same conditions as in Example 1, followed by evaluation. 

In the first recording, the jitter value was slightly 
5 high at a level of 15% of the clock period with the 
shortest mark length. Besides, after 1,000 times of 
overwriting, the jitter remarkably increased to a level 
of at least 20% of the clock period. 
COMPARATIVE EXAMPLE 4 
10 On a polycarbonate substrate, 80 nm of a 

( ZnS ) 80 ( Si0 2 ) 20 layer, 20 nm of a Zn 13 In 5 Ge 3 Sb 52 Te 27 layer 
as a recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 
170 nm of a A^ 98i5 Ta 15 alloy layer, were sequentially 
laminated by magnetron sputter ing , and an ultraviolet 
15 ray-curable resin was further coated in a thickness of 4 
jjjn to obtain a disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 3.5 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
20 o f 50 |im/rotation with a laser power of 550 mW by means 

of the same optical disk initialization apparatus as used 
in Example 1, whereby initial crystallization was carried 
out by one scanning ope rat ion . 

On this disk, recording was carried out under the 

slightly high at a level of 15% of the clock period with 
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the shortest mark length. Besides, after 1,000 times of 
overwriting, the jitter remarkably increased to a level 
of at least 20% of the clock period. 
COMPARATIVE EXAMPLE 5 

On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Ag 5 In 3 Sb 62 Te 30 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 170 
nm of a A^ g8-5 Ta 1-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
jam to obtain a disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 3.5 m/s at a beam- 
transferring speed (in the radial direction of the disk) 
of 10 ^un/rotation with a laser power of 550 mW by means 
of the same optical disk initialization apparatus as used 
in Example 1, whereby initial crystallization was carried 
out by one scanning operation. 

On this disk, recording was carried out under the 
same conditions as in Example 1, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length, and the initial characteristic 
was aood. Further, even after 1,000 times of 

left for 1,000 hours in an environment in which the 
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temperature was 80°C and the relative humidity was 80%, 
and the jitter reached to 20% of the clock period. It 
was found that amorphous bits partially underwent 
recrystallization and thus were partly erased. 
EXAMPLE 5 

On a polycarbonate substrate, 230 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Ag 6 Ge 5 Sb 70 Te 19 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 200 
nm of a A* g7-5 Ta 2-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 yxm to obtain an optical disk. 

This optical disk was subjected to melt 
initialization at a linear velocity of 4.5 m/s at a beam- 
15 transferring speed of 5 jam/rotation with a laser power of 
250 mW by means of an optical disk initialization 
apparatus with an elliptic irradiation beam with a long 
axis of 50 [im, whereby the initial crystallization was 
carried out . 

On this disk, EFM random signals (clock period: 115 
nsec) were recorded at a linear velocity of 2.8 m/s by 
means of an optical disk evaluation apparatus (laser 
wavelength: 780 nm, NA: 0.55). During the recording, 
al = l, ai = 0.5 (i>2), 0i=O.5 f Pw=13 mW, Pe = 6 . 5 mW , and 
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characteristic was less than 10% of the clock period with 
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the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
1,000 times of overwriting. 

Further, the recorded signals showed no deterioration 
5 even after being left for 1,000 hours in an environment 
in which the temperature was 80°C and the relative 
humidity was 80%. 
EXAMPLE 6 

On a polycarbonate substrate, 230 nm of a 
10 ( ZnS ) 80 ( Si0 2 ) 20 layer, 20 nm of a Ag 1Q Ge 7 Sb 66 Te 17 layer as 
a recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 2Q layer and 
200 nm of a h£ 915 Ta 25 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
15 of 4 (am to obtain an optical disk. 

This optical disk was subjected to melt 
initialization under the same conditions as in Example 5, 
whereby initial crystallization was carried out. 

On this disk, recording was carried out under the 
20 same conditions as in Example 5, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 

even after being left for 1,000 hours in an environment 
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in which the temperature was 80°C and the relative 
humidity was 80%. 
EXAMPLE 7 

On a polycarbonate substrate, 230 nm of a 
5 (ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 6 Ge 7 Sb 6Q Te 27 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 200 
nm of a A* g7<5 Ta 2-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
10 of 4 jim to obtain an optical disk. 

This optical disk was subjected to melt 
initialization under the same conditions as in Example 5, 
whereby initial crystallization was carried out. 

On this disk, recording was carried out under the 
15 same conditions as in Example 5, followed by evaluation. 
The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
20 1/000 times of overwriting. 

Further, the recorded signals showed no deterioration 
even after being left for 1,000 hours in an environment 
in which the temperature was 80°C and the relative 
humidity was 80% . 

( ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 3 Ge 3 Sb 61 Te 28 layer as a 



10 



- 69 - 

recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 200 
nm of a A* 97-5 Ta 2 . 5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 urn to obtain an optical disk. 

This optical disk was subjected to a first step of 
initialization crystallization at a linear velocity of 
4.5 m/s at a beam-transferring speed of 5 um/rotation 
with a laser power of 300 mW by means of the same optical 
disk initialization apparatus as used in Example 5 to 
increase the reflectivity to a level of 80% of the final 
crystalline state, and further subjected to irradiation 
once with 11 mW by the following tester, whereby melt 
initial crystallization was carried out. It is regarded 
15 that so long as initialization can be completed by 

irradiation of twice of this level, there will be no 
problem from the industrial point of view. 

On this disk, recording was carried out under the 
same conditions as in Example 5, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 



20 



even after being - e r t :c: ^ , ^ u u : . ~ - : ^ ... - . . 

in which the temperature was 80°C and the relative 
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humidity was 80% . 
EXAMPLE 9 

On a polycarbonate substrate/ 230 nm of a 
( ZnS ) 80 { Si0 2 ) 20 layer, 20 nm of a Zn 6 Ge ? Sb 62 Te 25 layer as a 
5 recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 200 
nm of a A ^97 t5 Ta 2t5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 p to obtain an optical disk, 

10 This optical disk was subjected to melt 

initialization under the same conditions as in Example 5, 
whereby initial crystallization was carried out. 

On this disk, EFM random signals (clock period: 115 
nsec) were recorded at a linear velocity of 2.8 m/s by 

15 means of an optical disk evaluation apparatus (laser 
wavelength: 780 nm, NA: 0.55). During the recording, 
ctl = l, ai=0.45 (i>2), pi=0.55, Pw=14 mW, Pe=6.5 mW, Pb=0.8 
mW. 

The jitter value showing the actual signal 
20 characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
1,000 times of overwriting. 

Further, the recorded signals showed no deterioration 

was 80%. 
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COMPARATIVE EXAMPLE 6 

On a polycarbonate substrate, 230 nm of a 
( ZnS ) 80 ( Si0 2 ) 20 layer, 20 nm of a Ag 5 Sb 66 Te 2g layer as a 
recording layer, 20 nm of a ( Z nS ) 80 ( S i0 2 ) 20 layer and 200 
5 nm of a A^ g7 5 Ta 2 5 alloy layer, were sequentially 

laminated by magnetron sputter ing, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 jam to obtain an optical disk. 



10 initialization under the same conditions as in Example 5, 
whereby initial crystallization was carried out. 

On this disk, recording was ca rried out under the 
same conditions as in Example 5, followed by evaluation. 



15 characteristic was less than 10% of the clock period with 
the shortest mark length, and thus the initial 
characteristic was good. Further, this characteristic 
was maintained even after 1,000 times of overwriting. 



20 being left for 500 hours in an environment in which the 

temperature was 80°C and a relative humidity was 80%, and 
the jitter reached 20% of the clock period. It was found 
that amorphous bits were partially recrystallized and 
rart ial 1 v erased. 

( ZnS ) 80 ( Si0 2 ) 20 layer, 1 nm of a Sb 2 Te 3 layer as a 



This optical disk was subjected to melt 



The jitter value showing the actual signal 



However , the recorded signals deter iorated after 
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crystallization accelerating layer, 1 nm of Sb layer as a 
composition-adjusting layer, 18 nm of a Ge 10 Sb 67 Te 23 layer 
as a recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 
100 nm of a A* 97-5 Ta 2-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 jam to obtain an optical disk. 

This optical disk was subjected to melt initial 
crystallization at a disk rotational speed of 2,700 rpm 
at a beam-transferring speed of 5 ^un/rotat ion with a 
laser power of 400 mW with a radius of 64 mm and a laser 
power of 170 mW with a radius of 27 mm by means of an 
optical disk initialization apparatus with an elliptic 
irradiation beam having a long axis of about 50 [im, 
whereby initial crystallization was carried out. 

On this disk, EFM random signals (clock period: 115 
nsec) were recorded at a linear velocity of 2.8 m/s by 
means of an optical disk evaluation apparatus (laser 
wavelength: 780 nm, NA: 0.55). During the recording, 
<xl = l, ai = 0.5 (i>2), Pi = 0.5, Pw=13 mW, Pe = 6.5 mW, and 
Pb=0.8 mW. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
- c^r^pst mark lenqth and thus showed a good result, 

Further, the recorded signals showed no deterioration 
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even after being left for 2,000 hours in an environment 
in which the temperature was 80°C and a relative humidity 
was 80%. 
EXAMPLE 11 

On a polycarbonate substrate , 230 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 1 nm of a Sb 2 Te 3 layer as a 
crystallization accelerating layer, 19 nm of a 
Ge 10 Sb 67 Te 23 layer as a recording layer, 20 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer and 100 nm of a A* 97#5 Ta 2-5 alloy 
layer, were sequentially laminated by magnetron 
sputtering, and an ultraviolet ray-curable resin layer 
was further formed in a thickness of 4 [im to obtain an 
optical disk . 

This disk was subjected to initialization under the 
same conditions as in Example 10, whereby initialization 
was carried out. 

On this disk, recording was carried out under the 
same conditions as in Example 10, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
This characteristic was maintained even after 1,000 times 
of overwriting. 

Farther, the recorded signals showed no deterioration 

humidity was 80% . 
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EXAMPLE 12 

On a polycarbonate substrate, 230 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Ge 10 Sb 67 Te 23 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 100 

5 nm of a A* 97-5 Ta 2-5 alloy layer, were sequentially 

laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 jam to obtain an optical disk . 

This disk was subjected to initialization under the 

0 same conditions as in Example 10, but initialization 
could not be carried out. Therefore, melt initial 
crystallization was carried out by irradiating a DC laser 
beam many times to every track by means of an optical 
disk evaluation apparatus . 

5 On this disk, recording was carried out under the 

same conditions as in Example 10, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 

»0 This characteristic was maintained even after 1,000 times 
of overwriting . 

Further, the recorded signals showed no deterioration 
even after being left for 2,000 hours in an environment 
in which the temperature was 80°C, and the relative 

On a polycarbonate substrate, 80 nm of a 
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15 



20 



(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Ge 12 Sb 66 Te 22 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 200 
nm of a A^ 98>5 Ta 1-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
urn to obtain a disk. 

This optical disk was subjected to initial 
crystallization at a linear speed of from 2.0 to 5.0 m/s 
at a beam-transferring rate (in the radial direction of 
the disk) of from 10 to 50 urn/rotation with a laser power 
of from 500 to 900 mW by means of the same optical disk 
initialization apparatus as used in Example 1, whereby 
initial crystallization was incomplete and non-uniform. 
With a power of at least 800 mW, defects resulted due to 
deterioration by heat. Therefore, melt initial 
crystallization was carried out by irradiating a DC laser 
beam many times to every track by means of an optical 
disk evaluation apparatus. 

On this disk, recording was carried out under the 
same conditions as in Example 10, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 

. : , _^;^4- = ;^ 0f q pven after 1,000 times 



Further, the recoraec s-cr.^a si.^wc ■ ■ 

even after being left for 2,000 hours in an environment 
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in which the temperature was 80°C, and the relative 
humidity was 80%, 
EXAMPLE 14 

On a polycarbonate substrate, 230 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Ge 10 Sb 67 Te 23 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 200 
nm of a A* g7-5 Ta 2#5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 fim to obtain an optical disk. 

This optical disk was subjected to initialization 
under the same conditions as in Example 5, but initial 
crystallization could not be carried out. Therefore, 
melt initial crystallization was carried out by 
irradiating a DC laser beam many times to every track by 
means of an optical disk evaluation apparatus. 

On this disk, recording was carried out under the 
same conditions as in Example 10, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result. 
This characteristic was maintained even after 1,000 times 
of overwriting . 

Further , the recorded signals showed no deterioration 

^ . . *, ; . ^ v, ; . . f - l. t_: c . -* ■■■■■ - 

humidity was 80% . 
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EXAMPLE 15 

On a polycarbonate substrate, 230 nm of a 
(2nS) 80 (SiO 2 ) 20 layer, 20 nm of a Ge 7 Sb 65 Te 28 layer as a 
recording layer, 20 nm of a ( ZnS ) 80 ( Si0 2 ) 20 layer and 100 
nm of a A* 97-5 Ta 2-5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 jim to obtain an optical disk. 

This disk was subjected to initialization under the 
same conditions as in Example 10, but initial 
crystallization could not be carried out. Therefore, 
melt initial crystallization was carried out by 
irradiating a DC laser beam many times to every track by 
an optical disk evaluation apparatus. 

On this disk, recording was carried out under the 
same conditions as in Example 10, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result, 
and this characteristic was maintained even after 1,000 
times of overwriting. 

Further, the recorded signals showed no deterioration 
even after being left for 1,000 hours in an environment 
<n which the temperature was 80°C, and the relative 

_ ^Mir nkh . . . r, L X AMr L ~ 

On a polycarbonate substrate, 230 nm of a 
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( ZnS ) 80 ( Si0 2 ) 20 layer, 20 nm of a Sb 72 Te 2g layer as a 
recording layer , 20 nm of a (ZnS) 80 (SiO 2 ) 2Q layer and 100 
nm of a A^ g7 5 Ta 2 5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
5 ray-curable resin layer was further formed in a thickness 
of 4 [im to obtain an optical disk. 

This disk was subjected to initialization under the 
same conditions as in Example 10, but initial 
crystallization could not be carried out. Therefore, 

10 melt initial crystallization was carried out by 

irradiating a DC laser beam many times to every track by 
an optical disk evaluation apparatus. 

On this disk, recording was carried out under the 
same conditions as in Example 10, followed by evaluation. 

15 The jitter value showing the actual signal 

characteristic was less than 10% of the clock period with 
the shortest mark length and thus showed a good result, 
and this characteristic was maintained even after 1,000 
times of overwriting. However, the recorded signals 

20 deteriorated after being left for 500 hours in an 

environment in which the temperature was 80°C, and the 
relative humidity was 80%, and it was impossible to 
readout the signals. 
COMPARATIVE EXAMPLE 8 

recording layer, 20 nm of a (ZnS) 80 (SiO 2 ) 20 layer and 100 
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nm of a A ^ 97 . 5 Ta 2 5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin layer was further formed in a thickness 
of 4 jam to obtain an optical disk. 
5 This disk was subjected to initialization under the 

same conditions as in Example 10, but initial 
crystallization could not be carried out. Therefore, 
melt initial crystallization was carried out by 
irradiating a DC laser beam many times to every track by 
10 an optical disk evaluation apparatus. 

On this disk, recording was carried out in the same 
manner as in Example 10, followed by evaluation. 

The jitter value showing the actual signal 
characteristic was at least 10% of the clock period with 
15 the shortest mark length, and thus no good characteristic 
was obtained . 

As described in the foregoing, by the present 
invention, it is possible to provide an optical recording 
medium which has excellent archival stability and high 
20 durability in repetitive overwriting and has a low jitter 
in high density mark length recording. Further, by using 
such a recording medium in combination with the optical 
recording method of the present invention, mark length 
recording of higher precision can be realized. 



